The Ingalls ophiolite complex is similar in age and geochemistry to the Josephine
INTRODUCTION
Seaf oor rifting and spreading within suprasubduction zones occurs in the western Pacifc island arcs and in the East Scotia Sea in the southern Atlantic (e.g., Stern, 2002; Hawkins, 2003; Livermore, 2003; Martinez and Taylor, 2003) . Seaf oor spreading within these suprasubduction zones can start either synchronously with arc formation (Scotia Sea; Larter et al., 2003) or by rifting of a previously active arc (Lau and Mariana Basins; Hawkins, 1995 Hawkins, , 2003 Martinez and Taylor, 2003) . Rifting within the forearc also occurs in the suprasubduction-zone environment (Bloomer, 1983; Bloomer and Hawkins, 1983; Hawkins and Melchior, 1985) . The suprasubduction-zone setting is considered to be a likely place of origin for many, if not most, ophiolites (Dewey and Bird, 1971; Miyashiro, 1973; Pearce et al., 1984 , Hawkins, 1995 Shervais , 2001; Pearce, 2003) , including the belt of Middle to Late Jurassic ophiolites in the western United States (Fig. 1) . These Cordilleran ophiolites have been proposed to represent oceanic crust formed by extension in a variety of suprasubduction-zone settings, including back-arc or forearc spreading and rifting of arc or forearc crust (Harper, 1984 (Harper, , 2003a Harper and Wright, 1984; Wyld and Wright, 1988; Dilek, 1989a Dilek, , 1989b Saleeby, 1992; Stern and Bloomer, 1992; Miller et al., 1993; Harper et al., 1994 Harper et al., , 2003 Dickinson et al., 1996; Metzger et al., 2002; Shervais et al., 2005a Shervais et al., , 2005b . The origin for some of these ophiolites remains controversial (e.g., Coast Range ophiolite; Fig. 1 ) (Dickinson et al., 1996; Shervais, 2001; Shervais et al., 2004 Shervais et al., , 2005a Hopson et al., this volume) , while others are better constrained (e.g., Josephine ophio lite; Fig. 1 ) (Harper, 1984 (Harper, , 2003a (Harper, , 2003b Harper and Wright, 1984; Harper et al., 1994; Wyld and Wright, 1988) .
The Ingalls ophiolite complex, located within Washington State ( Fig. 1) , is a northern continuation of this Jurassic Cordilleran ophiolite belt. Understanding of the tectonic origin of the Ingalls ophiolite complex is critical in understanding the Jurassic tectonic evolution of the North American Cordillera. This ophio lite has had various tectonic settings proposed for its origin. Southwick (1974) suggested that the plutonic rocks formed in a marginal basin or open ocean, whereas the volcanic and sedimentary rocks originated in an island arc. Miller and colleagues Miller et al. (1993) and Metzger et al. (2002) . Names of the inliers containing the Late Jurassic arc complexes are, from north to south, Hicks Butte, Manastash, and Rimrock Lake (Miller, 1989; Miller et al., 1993) . JO-DEO-Devils Elbow ophiolite. (Miller, 1985; Miller and Mogk, 1987; Miller et al., 1993) concluded that the Ingalls ophiolite complex was a fracture-zone ophiolite that originated in a back-arc basin. Metzger et al. (2002) noted that most of the geochemical affnities of the mafc rocks of the Ingalls ophiolite complex supported this back-arc basin setting, but other mafc rocks had geochemical affnities of withinplate tectonic settings. In this paper, we present new geological and geochemical data documenting a polygenetic origin for the ophiolite, and we demonstrate that the complex contains an older mafc unit (Iron Mountain unit) that has within-plate magmatic affnities. These new data are used to compare the Ingalls ophiolite complex with other Cordilleran ophiolites ( Fig. 1 ) and provide regional correlations that can help to constrain the Jurassic evolution of the North American Cordillera.
INGALLS OPHIOLITE COMPLEX
The Ingalls ophiolite complex, located within the Northwest Cascade System (e.g., Misch, 1966; Brown, 1987; Brandon et al., 1988) , is the largest (450 km 2 ) and most complete ophiolite within Washington State (Fig. 1) . This ophiolite complex is intruded by the 91-96.5 Ma Mount Stuart batholith Matzel et al., 2006) and is overlain by Eocene sedimentary rocks to the south (Figs. 2 and 3) . The Ingalls ophio lite complex has been dextrally faulted to the south ≥90 km along the Eocene Straight Creek fault (Misch, 1977; Miller et al., 1993; Tabor, 1994; .
The Ingalls ophiolite complex has been thrust over the Cascade crystalline core along the Cretaceous Windy Pass thrust Miller (1980) and Tabor and collaborators (1982 Tabor and collaborators ( , 1987 Tabor and collaborators ( , 1993 Tabor and collaborators ( , 2000 . CERFZ-Cle Elum Ridge fault zone; DPF-Deception Pass fault; LFLeavenworth fault; NDFZ-Navaho Divide fault zone; WPT-Windy Pass thrust. Tabor and collaborators (1982 Tabor and collaborators ( , 1987 Tabor and collaborators ( , 1993 Tabor and collaborators ( , 2000 and Harper et al. (2003) . EP-location of Esmeralda Peaks; I-location of Iron Mountain; S-location of Sheep Mountain. IAT-island-arc tholeiite; WPB-within-plate basalt; MORB-mid-ocean-ridge basalt.
Mount
( Fig. 2 ; Miller, 1980 Miller, , 1985 . The major internal structures of the ophiolite are two east-west-striking zones of serpentinite mélange (Navaho Divide and Cle Elum Ridge fault zones; Fig. 2 ) (Pratt, 1958; Frost, 1973; Miller, 1980 Miller, , 1985 . Wyld et al. (2006) , using palinspastic reconstructions, proposed that the ophiolite complex was dextrally faulted between 300 and 800 km before the Cretaceous; other researchers, using paleomagnetic data from the Mount Stuart batholith and other units in the northern Cordillera, have suggested that the Ingalls rocks have been translated as much as 3000 km from the south (Baja British Columbia hypothesis; Beck et al., 1981; Ague and Brandon, 1996; Housen et al., 2003) .
The Ingalls ophiolite complex consists predominantly of variably serpentinized peridotite of upper mantle origin with lesser mafc plutonic and volcanic rocks, and minor sedimentary rocks (Fig. 3; Miller, 1980 Miller, , 1985 . Although the plutonic, volcanic, and sedimentary rocks all occur as fault-bounded blocks within serpentinite mélange of the Navaho Divide fault zone (Fig. 3) , a nearly complete ophiolite "stratigraphy" can be recognized internally within the faulted blocks (Miller, 1980 (Miller, , 1985 .
Mantle Units
Over two-thirds of the Ingalls ophiolite complex consists of ultramafc tectonites, representing the residual peridotite left after extraction of a mafc melt (Fig. 3; Miller, 1985; Miller and Mogk, 1987; Schultz et al., 2005) . Miller (1985) recognized three mantle units within the peridotites. Mylonitic lherzolite and hornblende peridotite occur within and up to a few kilometers north of the serpentinite mélange of the Navaho Divide fault zone. Lherzolite and clinopyroxene-bearing harzburgite, with minor plagioclase peridotite and dunite, are exposed north of the mylonitic ultra maf tes (Figs. 3 and 4; Miller, 1980 Miller, , 1985 Miller and Mogk, 1987) . Harzburgite, cut by numerous bodies of dunite, some of which contain podiform chromites, occurs south of the Navaho Divide fault zone (Fig. 3; Miller, 1980 Miller, , 1985 Miller and Mogk, 1987) . The northern lherzolite unit grades into the mylonitic lherzolite and hornblende peridotite that roughly coincide with the Navaho Divide fault zone; in contrast, the contact between the Navaho Divide fault zone and the southern harzburgite and dunite unit is a steep fault (Fig. 3; Miller, 1985; Miller and Mogk, 1987) . Mineral assemblages in the mylonitic peridotites record high temperatures (≥900 °C) that suggest they recrystallized in the mantle (Miller and Mogk, 1987) . This observation and the spatial correspondence between the mylonites and serpentinite mélange led to the interpretation that the Navaho Divide fault zone is the shallow-level expression of this mantle shear zone (Miller, 1985; Miller and Mogk, 1987) .
Ultramafc cumulates of wehrlite and clinopyroxenite occur in a >3-km-long, east-west-trending belt in the eastern part of the Ingalls ophiolite complex . The original relationship of these cumulates to the other ultramaf c units is uncertain.
Mineralogy, textures, and Cr-spinel and whole-rock chemical compositions suggest that the northern lherzolite unit is the residue of mid-ocean-ridge basalt (MORB) magma extraction and display, or show, signs of referilization (Miller and Mogk, 1987; Metzger et al., 2002; Schultz et al., 2005) . In contrast, the southern harzburgite underwent high degrees of partial melting, indicative of a suprasubduction-zone setting (Miller and Mogk, 1987; Metzger et al., 2002; Schultz et al., 2005) . Cr-spinels in the southern dunites-which cut the harzburgites-have high Cr/(Cr + Al) ratios, which suggest that they formed when islandarc tholeiite-or boninitic-composition magmas passed through the harzburgite (Metzger et al., 2002) .
The ultramafc tectonites vary from fresh peridotite to completely serpentinized. Serpentinites are commonly highly sheared. Diabase and gabbro dikes that cut the northern lherzolite and mylonitic peridotite are typically, but not invariably, altered to rodingite (Fig. 4) , indicating intrusion prior to serpentinization (Miller, 1980; MacDonald et al., 2004) . Miller (1985) described screens and xenoliths of mylonitic peridotites within gabbro. No mafc dikes have been observed to cut the southern harzburgite and dunite unit (Miller, 1980) .
Iron Mountain Unit
The Iron Mountain unit consists of volcanic and minor sedimentary rocks, and it extends discontinuously for ~24 km in the southern portion of the complex (Fig. 3) . This unit occurs as kilometer-scale and smaller fault-bounded blocks within the serpentinite mélange of the Navaho Divide fault zone (Figs. 3 and 4) . Detailed petrology and geochemistry of the Iron Mountain unit can be found in MacDonald et al. (this volume, chapter 5) .
Volcanic rocks within the Iron Mountain unit include vesicular basalt and broken pillow breccia, and minor rhyolite, basalt breccia, and hyaloclastite (Table 1) (MacDonald et al., this volume, chapter 5) . Sedimentary rocks within the unit include argillite, chert, limestone, and very minor sandstone. Some of the limestone is oolitic and contains fossil fragments (MacDonald et al., 2002; Harper et al., 2003) ; none of these fossils provided ages (C.H. Stevens, 2002, written commun.) . Table 2 displays the major-and trace-element data for basalts and a rhyolite from the Iron Mountain unit. The basalts have geochemical affnities that are transitional between within-plate basalt and enriched mid-ocean-ridge basalt (E-MORB; Figs. 5, 6, and 7B). A rhyolite from the unit (Table 2 ) also has within-plate affnities; it appears to have been derived from the same mantle source as the basalts (Figs. 6 and 7B) and is interpreted to have formed by fractionation from the basaltic magmas.
A new U-Pb zircon date obtained from an Iron Mountain rhyolite (Fig. 3 ) has a weighted mean concordia age of 192.1 ± 0.3 Ma (mean square of weighted deviates [MSWD] of concordance = 3.3, including 2σ decay-constant errors) (MacDonald et al., this volume, chapter 5) . Early Jurassic radiolarians, Pliensbachian and Upper Pliensbachian to Middle Toarcian, are reported 
Esmeralda Peaks Unit
The Esmeralda Peaks unit was originally defned by Miller (1980 Miller ( , 1985 and is herein refned based on new f eld mapping, geochemistry, and U-Pb dating. This unit consists of kilometerscale to smaller fault-bounded blocks of gabbro, diabase, basalt, and minor felsic and sedimentary rocks located within the serpentinite-matrix mélange of the Navaho Divide fault zone (Figs. 3 and 4) . The faulted contacts of these blocks have an average strike of 269° and an average dip of 69°N (Fig. 4) (Miller, 1980 (Miller, , 1985 . The Esmeralda Peaks unit extends the entire length of the complex (~30 km) and is internally faulted (Figs. 3 and 4) . It ranges in thickness from <100 m to ~3 km, which is thinner than average oceanic crust (Miller, 1980 (Miller, , 1985 . Although the blocks that make up the Esmeralda Peaks units are part of a mélange, some are suffciently large that they enclose an intact ophiolite "stratigraphy" within them.
playing mafc rocks from the Ingalls ophiolite complex that have basaltic compositions. Gabbros are excluded because many of them appear to be cumulates. Field for back-arc basins was compiled by Metzger et al. (2002;  references given in their Figure 6 , p. 551) and Leat et al. (2000) . IAT-island-arc tholeiite; MORB-mid-oceanridge basalt.
Lithologies
Gabbro is a minor component of the Esmeralda Peaks unit. It ranges from fne-grained to pegmatitic (Table 1) , and it is complexly intermingled with diabase or cut by diabase dikes, which range from 10 to 50 cm in thickness. The gabbro displays weak magmatic foliation and local cumulate textures (Table 1) .
Fine-grained tonalite and trondhjemite dikes occur locally within the Esmeralda Peaks unit (Table 1) . These felsic dikes commonly cut gabbro and diabase and are locally cut by diabase dikes (Miller, 1980) . Diabase is the most common rock type within the Esmeralda Peaks unit (Fig. 4) . It is massive or occurs as dikes. Diabase dikes are up to ~1 m in thickness, vary in strike, and have moderate to steep dips; true sheeted dikes are rare (Fig. 4 ) (Miller, 1980 (Miller, , 1985 . Due to the extensive faulting, original orientations of the dikes are not known. Diabase dikes also cut and, in rare cases, feed into pillow basalts and broken pillow breccias (Miller, 1980; Metzger et al., 2002) . Gabbros are not plotted due to their apparent cumulate geochemical Figure 6 . Th/Yb-Ta/Yb diagram from Pearce (1982) (Fig. 5 for key to symbols). Normal (N) mid-ocean-ridge basalt (MORB), enriched (E) MORB, and ocean-island basalt (OIB) normalizing values are from Sun and McDonough (1989) . WPG-within-plate granite (from Harris, 1983) . Fields for Mariana and Lau were compiled by Harper (2003a; their Fig. 7, p. 219) , and Scotia Sea is from Leat et al. (2000) . Field for Hole 786 boninites is from Murton et al. (1992) .
affnities. (A) Modern reference suite. Ocean-island granite (OIG) and within-plate granite (WPG) are from Harris (1983) ; N-MORB, enriched (E) MORB, and ocean-island basalt (OIB) are from Sun and McDonough (1989) ; island-arc tholeiite (IAT) is from ; boninite is from Pearce and Parkinson (1993) . ( Pillow basalts are common within the Esmeralda Peaks unit (Fig. 4) . Pillows are typically lobate, range up to ~1 m in diameter, and have <1-cm-wide, fne-grained rims that are altered to chlorite. Broken pillow breccia is widespread throughout the extrusive rocks (Fig. 4) . Angular clasts within broken pillow breccia are a few centimeters in diameter and are supported by a matrix of red or green chert that contains recrystallized radiolarians. Chert-supported isolated pillow breccia, consisting of lobate pillows 6-25 cm in diameter, occurs locally.
Minor sedimentary rocks are intercalated with the pillow basalts. These include red and green chert and rare ophiolitic breccia. The ophiolitic breccia consists of angular centimeter-size clasts of predominantly basalt and diabase, with lesser gabbro and rare felsic clasts. Red and green chert makes up the matrix of the breccia.
Petrography
A brief outline of the petrography of the Esmeralda Peaks unit is given here. Detailed petrography of the Esmeralda Peaks unit can be found in Miller (1980 , and Table 1 . Gabbros commonly display hypidiomorphic-granular textures, but other textures exist (see Table 1 ). Relict plagioclases (~An 70 to An 75 ; based on extinction angles) are not zoned and commonly show albite twins. Felsic plutonic samples have predominantly hypidiomorphic-granular igneous textures (Table1).
Diabases are subophitic, and there are a few transitional to ophitic textures (Table 1) . Basalts range from subophitic to hyalophitic, and microphenocrysts of clinopyroxene are common (Table 1) . Rims of Esmeralda Peaks basalts typically have <1% vesicles, suggesting that they erupted in deep water (Moore, 1970) , or they have a low primary H 2 O. Several basalts have highly vesicular rims and variolitic textures (Table 1) , typical of boninites (e.g., Cameron et al., 1980; Harper, 2003a) .
The common alteration minerals in the Esmeralda Peaks unit indicate prehnite-pumpellyite to lower greenschist-facies metamorphism (Table 1) . Esmeralda Peaks gabbro and some of the diabase show higher-grade, amphibolite-facies alteration (Table 1) . This higher-temperature metamorphism is typical of the deeper levels of altered oceanic crust (e.g., Mottl, 1983; Seyfried, 1987) . The hornblendes in these gabbros and diabases have been overprinted by greenschist-facies minerals, suggesting a retrograde metamorphic progression.
Geochemistry
A large geochemical database (n = 106) now exists for the Ingalls ophiolite complex (see GSA Data Repository 1 for analytical discussion) (Gray, 1982; Ort and Tabor, 1985; Metzger et al., 2002; this chapter) . However, data for most samples from previous studies (n = 54) are of limited use due to several critical aspects: (1) there are no reported localities for some samples; The Ingalls ophiolite complex, central Cascades, Washington (2) element contamination occurred during processing for a number of samples; and (3) all but Gray's (1982) samples were collected during reconnaissance-level feld mapping (which is unsuitable due to the complex nature of the geology; see Metzger et al. [2002] for discussion). The samples of Metzger et al. (2002) were analyzed at the same laboratory as our samples (Washington State University GeoAnalytical Laboratory), eliminating possible interlaboratory comparison concerns. Therefore, greatest emphasis is placed on the data of Metzger et al. (2002) , as well as our new analyses, and only nine samples combined from Gray (1982) and Ort and Tabor (1985) are used in this paper and plotted on the geochemical diagrams that follow.
Volcanic and plutonic rocks of the Iron Mountain and Esmeralda Peaks units have undergone greenschist-facies metamorphism (Table 1 ; Fig. 2) . A number of important geochemical elements are mobile under greenschist-facies conditions (Cann, 1970; Harper et al., 1988; Harper, 1995) . However, several key elements that give insights into igneous petrogenesis (Ti, V, Th, Cr, Ta, Hf, Y, and rare earth elements [REEs]) generally remain immobile up to and including amphibolite-facies metamorphic conditions (Pearce, 1996a) . Therefore, only these immobile elements are used on geochemical diagrams in this paper. Table 4 displays whole-rock major-and trace-element data for basalt, diabase, and felsic plutonic samples from the Esmeralda Peaks unit. Gabbros from the Esmeralda Peaks unit are given in Table 5 but are not plotted on most geochemical diagrams because of their excess in the elements Cr, Sc, Al, and Ni (Table 5 ). These elemental excesses suggest that they do not represent a "true" melt composition (Pearce, 1996a) , although the gabbros generally do not have cumulate textures.
The pillows, pillow breccias, and diabases range in composition from basalts through andesites (Table 4) . Ti/V, Cr/Y, Cr/Yb, Th/Yb-Ta/Yb, chondrite-and MORB-normalized diagrams indicate magmatic affnities that are island-arc tholeiite (IAT), MORB, and transitional between IAT and MORB (Figs. 5, 6, 7C, and 8) (Shervais, 1982; Pearce, 1982; Pearce and Parkinson, 1993) . Ta/Yb ratios, Y and Yb values, and MORB-normalized patterns suggest that these rocks originated from a mantle that was slightly enriched from normal (N) MORB and that underwent a high degree of melting (Figs. 6, 7C, and 8) (Pearce, 1982; Sun and McDonough, 1989; Pearce and Peate, 1995; McDonough and Sun, 1995) . They are generally enriched in Th and depleted in Ta and Nb with respect to N-MORB (Fig. 7C) , which are characteristics of magmas erupted in suprasubduction-zone settings (e.g., Pearce et al., 1984) .
The felsic plutonic rocks from the Esmeralda Peaks unit (Table 4) have chondrite-and MORB-normalized patterns that are similar to, but elevated from, the pillows, pillow breccias, and diabases of the unit (Figs. 7C and 7D ). They have negative Eu and Ti anomalies (Fig. 7D) , which suggest extensive plagioclase and Fe-Ti-oxide fractionation. These felsic plutonic samples plot transitionally between IAT and calc-alkaline basalts (CAB) on the Th/Yb versus Ta/Yb diagram (Fig. 6) Metzger et al. (2002) based on petrographic criteria of Cameron et al. (1980) and other geo chemical criteria. We agree with this interpretation. These three samples have elevated Cr and are depleted in Y and Yb with respect to other Esmeralda Peaks samples (Fig. 8) . They have chondrite-and N-MORB-normalized values that are generally lower than other Esmeralda Peaks samples, and one sample has a typically boninitic "u-shaped" chondrite-normalized pattern (EL-72-3; Fig. 7D ) (Beccaluva and Serri, 1988) . When normalized to fertile MORB mantle, the patterns for these three samples (Fig. 9A) are enriched in the moderately and highly compatible elements Cr, Mg, and Ni. They are depleted in the moderately and highly incompatible elements Sc, V, Yb, Y, and Ti with respect to other Esmeralda Peaks samples (Fig. 9A ). Due to the hydrothermal greenschist-facies alteration of these samples, which mobilizes Ca (Seyfried, 1987; Harper et al., 1988; Berndt et al., 1988; Harper, 1995) , it is not possible to use the high-versus low-Ca boninite classifcation of Crawford et al. (1989) ; however, the pyroxene phenocrysts in these samples are augite (determined optically), which is common in high-Ca boninites (Crawford et al., 1989) .
Geochronology
Miller et al. (2003) reported a new U-Pb zircon date from a hornblende pegmatite gabbro of the Esmeralda Peaks unit (161 ± 1 Ma; 2σ weighted mean 206 Pb/ 238 U age of three nearly concordant fractions) (Fig. 3) . This date is signif cantly older than a previous, apparently discordant, U-Pb zircon age (155 ± 2 Ma) (Hopson and Mattinson, 1973; Miller et al., 1993) for a gabbro from the same general sample locality as Miller et al.'s (2003) sample (C. Hopson, 2005, personal commun.) .
Amphibolite and Dikes
Amphibolite occurs in the western portion of the Ingalls ophiolite complex as a fault-bounded block within the Navaho Divide fault zone (Fig. 3 ) and in the Cle Elum Ridge fault zone (Frost, 1973 (Frost, , 1975 Miller, 1980 Miller, , 1985 . Amphibolites in the roof pendant of the Mount Stuart batholith (Fig. 2) are the result of Cretaceous metamorphism and are not directly related to the other amphibolites of the Ingalls ophiolite complex (Miller, 1980 (Miller, , 1985 (Miller, , 1988 . The amphibolites tend to be massive and display well-preserved igneous textures (Fig. 10A ), or they are strongly foliated to mylonitic (Fig. 10B) . They are mostly derived from gabbro and, less commonly, from diabase and basalt. Some of the amphibolites are commonly cut by undeformed diabase dikes (Fig. 10) , suggesting that metamorphism and deformation occurred during subseaf oor metamorphism.
The amphibolites and dikes that cut them (Table 6 ) have similar Ti/V, Cr/Y, and Cr/Yb ratios as the Esmeralda Peaks samples (Figs. 5 and 8) (Metzger et al., 2002) . The dikes have similar fertile MORB mantle-normalized patterns as the Esmeralda Peaks unit The Ingalls ophiolite complex, central Cascades, Washington (Fig. 9) . Two samples, CR-327-2 from the Cle Elum Ridge fault zone and CA-38 from the roof pendent (Fig. 2) , have Cr, Y, and Yb values that are similar to boninites from the Esmeralda Peaks unit and the Izu-Bonin forearc (Fig. 8) ; one also has a fertile MORB mantle-normalized pattern that is similar to the Esmeralda Peaks boninites and Izu-Bonin forearc boninites (Fig. 9) .
Dikes Cutting Mylonitic Peridotite
Undeformed dikes of diabase and lesser gabbro cut the mylonitic lherzolite adjacent to the fault-bounded blocks of the Esmeralda Peaks unit (Fig. 4) (Miller, 1980 (Miller, , 1985 . These dikes 10 display variable hydrothermal alteration, and some are totally altered to rodingite (Pratt, 1958; Frost, 1973 Frost, , 1975 Miller, 1980 Miller, , Y 1985 . The strikes of these dikes vary from approximately northsouth to east-west (Fig. 4) . 2000 The dikes that cut the mylonitic lherzolite (Table 7) have the same trace-element systematics as the mafc Esmeralda Peaks samples (Figs. 5, 8 and 9) . These samples are typically MORB, and two are transitional between MORB and IAT (Figs. 5 and 8). Two samples have high TiO 2 and FeO T values that are similar to Fe-Ti basalts that are most commonly found at propagating spreading centers on mid-ocean ridges and back-arc basins (Table 7 ; Sinton et al., 1983; Pearce et al., 1994) .
Ingalls Sedimentary Rocks
Smith (1904) frst described the sedimentary rocks that stratigraphically overlie the volcanic and plutonic rocks of the Ingalls ophiolite complex. These rocks are mostly argillite, and they occur predominantly as fault-bounded blocks within the eastern portion of the Ingalls ophiolite complex (Fig. 3) . Most of the argillite is massive, with minor interbeds of graywacke, pebble conglomerate, pebbly mudstone, chert, and ophiolitic breccia (Southwick, 1962 (Southwick, , 1974 Miller, 1980 Miller, , 1985 Mlinarevic et al., 2003; MacDonald et al., 2005) . Southwick (1974) suggested that the Ingalls graywackes were derived from a mature island arc. The ophiolitic breccias consist mainly of mafc igneous or serpentinite clasts MacDonald et al., 2005) . Isolated boulders and some kilometer-scale outcrops of diabase or gabbro observed within the argillite have been interpreted as olistoliths . Miller et al. (1993) reported Late Jurassic (probably Oxfordian or Kimmeridgian) radiolarian ages for cherts that overlie the Esmeralda Peaks unit (Table 3 ). Other Late Jurassic radiolarian assemblages, indicating an Upper Callovian to Lower-Middle Oxfordian age (superzone 1, zone 1H, through zone 2, subzone 2δ; Table 3 ; Pessagno et al., 1993) , are reported from cherts that we collected from the Ingalls sedimentary rocks (E. Pessagno, 1999 Pessagno, -2004 . These radiolarian cherts are interbedded with argillites and are probably low in the stratigraphic section. U-Pb ages of detrital zircons found within an Ingalls sandstone have a bimodal age distribution of 153 Ma and ca. 227 Ma; the 153 Ma peak age is interpreted as the approximate age of deposition .
Depositional Age
The Late Jurassic age determinations are based on the radiolarian biostratigraphic time scale of Pessagno et al. (1993) . Baumgartner et al. (1995) and Shervais et al. (2005a) have suggested that this time scale is incorrect. Using the time scale of Baumgartner et al. (1995) , the Ingalls cherts range from early Bajocian to middle Oxfordian. However, the radiolarian ages based on Pessagno et al. (1993) ft the Late Jurassic time scale of Gradstein et al. (2004) and are consistent with the 161 ± 1 Ma zircon age for the mafc rocks beneath the cherts.
DISCUSSION

Tectonic Setting of the Iron Mountain Unit
The occurrences of basalt that has within-plate aff nities (Figs. 6 and 7B) , limestone, and abundant locally derived basaltic breccias are all consistent with a seamount origin for the Iron Mountain unit. The transitional within-plate basalt-E-MORB composition of the unit and its tholeiitic composition (Figs. 5, 6 , and 7B) suggest that the Iron Mountain seamount formed close to an active spreading ridge (Shervais, 1982; Pearce, 1996a; Harpp and White, 2001) .
The Iron Mountain rhyolite fractionated from a magma derived from the same mantle that produced the basalts. Similar rhyolites are known from a few within-plate ocean-island settings (e.g., Harris, 1983; Geist et al., 1995 Geist et al., , 1998 Pearce, 1996b ). An Early Jurassic age (ca. 192 Ma) is assigned to the Iron Mountain unit based on U-Pb zircon and radiolarian ages.
Tectonic Setting of the Esmeralda Peaks Unit
Back-Arc Basin Setting of the Esmeralda Peaks Unit
The geochemical affnities of modern back-arc basins include N-MORB, E-MORB, IAT, and CAB (Figs. 5, 6 , and 8) (e.g., Hawkins and Melchior, 1985; Hawkins et al., 1990; Falloon et al., 1992; Pearce et al., 1994; Leat et al., 2000; Fretzdorff et al., 2002; Hawkins, 2003; Pearce, 2003) . The Esmeralda Peaks samples have transitional IAT-MORB, IAT, and MORB geochemical aff nities and consistently plot within the f elds defned by modern back-arc basins (Figs. 5, 6 , and 8). They originated from a mantle source that was slightly enriched when compared to N-MORB and that apparently underwent a high percentage of the melting that typically occurs in suprasubduction-zone settings (Figs. 6, 7C , and 8B) (Pearce, 1982) . The transitional IAT-MORB composition of the Esmeralda Peaks unit leads us to infer that the unit formed in a Late Jurassic back-arc basin setting.
The felsic plutonic samples are IAT and CAB (Fig. 6) , and their Ta/Yb ratios indicate that they originated from the same mantle source as the mafc rocks of the Esmeralda Peaks unit (Fig. 6 ). These features imply that the felsic plutonic rocks were fractionated from the same magmas that produced the diabases and pillow basalts.
The arc source for the Late Jurassic sediments that overlie the Esmeralda Peaks unit (Southwick, 1974; Mlinarevic et al., 2003) is consistent with a back-arc basin setting for the Ingalls ophiolite complex. In addition, the Late Jurassic Quartz Mountain stock, Hicks Butte complex, and Indian Creek complex are located south of the ophiolite complex ( Fig. 1) (Miller, 1989; Miller et al., 1993) . These plutonic rocks have been interpreted as part of an active arc located outboard of the Late Jurassic Ingalls back-arc basin (Miller et al., 1993) , and they further support a back-arc origin for the Esmeralda Peaks unit. Pearce and Parkinson (1993) used the fertile MORB mantle-normalized diagram in order to display mantle compositions and degrees of mantle melting that are independent of the subduction components that show up on chondrite-and N-MORB-normalized diagrams (Pearce, 1982; Plank and Langmuir, 1993) . The fertile MORB mantle-normalized patterns for the three Esmeralda Peaks boninites suggest that they originated from a mantle source that underwent higher degrees of melting than other Esmeralda Peaks samples (Fig. 9A) . High Cr and low Y and Yb values (Fig. 8 ) also suggest that the sources for these three samples underwent high degrees of mantle melting. The Esmeralda Peaks boninites have fertile MORB mantlenormalized patterns that are similar to the Izu-Bonin forearc boninites (Fig. 9A) . They also plot within or around the feld for the Izu-Bonin forearc boninites on Figures 6 and 8. Crawford et al. (1989) and Deschamps and Lallemand (2003) suggested that boninite enrichment in Si, large ion lithophile elements, Cr, Ni, and light rare earth elements is the result of the melting of a refractory mantle source in the presence of a dehydrating slab. The Esmeralda Peaks samples display all of these geochemical characteristics described for boninites by Crawford et al. (1989) and Deschamps and Lallemand (2003) (Figs. 5, 6, 7D, 8, and 9A; Table 4) , and thus they are inferred to have originated from second-stage melting of the mantle that produced the other Esmeralda Peaks samples. Second-stage melting is considered to be a common origin for boninites (van der Laan et al., 1989; Pearce et al., 1992) . Boninites only occur in suprasubduction-zone settings (Bloomer and Hawkins, 1983; Hawkins, 2003; Deschamps and Lallemand, 2003) . They usually occur in forearcs, but they can also occur in back-arc basins (Bloomer and Hawkins, 1983; Hawkins, 2003; Deschamps and Lallemand, 2003) . The boninites within the Esmeralda Peaks mafc unit were initiated by forearc rifting and most likely persisted after an outboard arc and back-arc basin had formed.
Esmeralda Peaks Boninites
Geochemical Correlation of Mafi c Units
The basalt and diabase of the Esmeralda Peaks unit have similar geochemical affnities (Figs. 5. 6, 7, and 8) . This suggests that these rocks originated from the same mantle source. This geochemical correlation agrees with feld observations that suggest that dikes cut and feed into the pillow basalts (Miller, 1980 (Miller, , 1985 Gray, 1982) .
We suggest that the amphibolites, the dikes that cut them (Fig. 10) , and the dikes that cut the mylonitic lherzolite (Fig. 4) are related to the Esmeralda Peaks unit. The geochemical aff nities of these rocks are very similar to those of the Esmeralda Peaks unit (Figs. 5, 8, and 9B) . Fertile MORB mantle patterns suggest that all of the mafc rocks, including the boninites, originated from a similar mantle source (Fig. 9 ).
Fracture-Zone Setting for the Late Jurassic Esmeralda Peaks Unit
The fracture-zone interpretation of the Navaho Divide fault zone and the Ingalls ophiolite complex was based on a number of features in the complex that are analogous to those of modern fracture zones: (1) The juxtaposition of two petrologically distinct mantle peridotites by a fault zone (Fig. 3 ) (e.g., Hayes transform; Smith, 1994) (Miller, 1985; Miller and Mogk, 1987; Schultz et al., 2005) ; (2) the mineral chemistry, geothermometry, and microstructures of the high-temperature mylonitic ultramaftes (Miller and Mogk, 1987) ; (3) locally derived ophiolitic breccia and sedimentary serpentinite (e.g., Romanche and Ecuador fracture zones; Bonatti et al., 1973; Anderson and Nishimori, 1979) (Miller, 1985; MacDonald et al., 2005) ; (4) dikes of diabase and gabbro that cut serpentinized peridotite (Fig. 4 ) (e.g., Kane fracture zone; Fox and Gallo, 1984; Tartarotti et al., 1995) ; and (5) amphibolites that are deformed gabbros (Figs. 3 and 10 ) (e.g., Vema fracture zone; Honnorez et al., 1984) (Miller, 1985) .
The geochemical similarities between the amphibolites, the dikes that cut them, and the dikes that cut the mylonitic peridotite with the Esmeralda Peaks unit suggest that the fracture zone that disrupted the mafc units of the Ingalls ophiolite complex was active in the Late Jurassic.
An alternative interpretation for the Navaho Divide fault zone could be a fossil subduction zone. Boninites, like those of the Esmeralda Peaks unit, are commonly found within forearcs associated with oceanic subduction zones (Stern and Bloomer, 1992; Hawkins, 2003; Stern, 2002) . Also, seamounts, the interpreted setting for the Iron Mountain unit (MacDonald et al., this volume, chapter 5) , are found in fossil subduction zones (e.g., Snow Mountain complex; MacPherson, 1983) . However, the Navaho Divide fault zone, as well as the rest of the Ingalls complex, lacks the high-pressure, low-temperature metamorphism found within fossil subduction zones (Ernst, 1973) . This fact, along with the fndings outlined previously, leads us to favor a fracture-zone over a subduction-zone setting for the Navaho Divide fault zone. Miller et al. (1993) , Metzger et al. (2002), and Harper et al. (2003) all suggested a back-arc basin origin for the Ingalls ophiolite complex. We agree with these researchers; however, the new geochemical and age data for the Ingalls ophiolite complex allow us to further constrain this tectonic setting.
Polygenetic Origin of the Ingalls Ophiolite Complex
The Ingalls ophiolite complex is polygenetic. The Early Jurassic component, the Iron Mountain unit, originated as a shallow-water, intraplate off-axis seamount (MacDonald et al., 2002, this volume, chapter 5) . These Early Jurassic rocks were subsequently rifted apart during the Late Jurassic to form the ophio litic basement of the rift-facies, Late Jurassic Esmeralda Peaks unit (Fig. 11) . The Late Jurassic rocks originated in a backarc basin setting and were deformed by a fracture zone (Miller and Mogk, 1987; MacDonald et al., 2005) . Faulting in this backarc-fracture zone formed the large-scale serpentinite mélange within which lie the crustal units of the ophiolite (Miller, 1985) .
Regional Correlation of the Ingalls Ophiolite Complex
Comparison of Sedimentary Rocks
Sandstones from the Late Jurassic Galice Formation, which overlies the Josephine ophiolite (Fig. 11) , have similar compositions to sandstones from the Late Jurassic Ingalls sedimentary rocks (Table 8) (Southwick, 1962 (Southwick, , 1974 Nd values (0.51278 ± 1 and 0.51273 ± 1, respectively; . The Late Jurassic cherts from the Galice Formation contain Radiolaria that are identical to those within Ingalls cherts (Fig. 11 ) (E. Pessagno, 1999 Pessagno, -2004 .
The Middle Jurassic Coast Range ophiolite (Fig. 1 ) is overlain by tuffaceous chert and mudstone, which is in turn overlain 
162(+7/-2) U/Pb
Mafic and ultramafic plutonic rocks peridotite Figure 11 . Tectonostratigraphy of the Ingalls ophiolite complex, Devils Elbow remnant of the Josephine ophiolite and underlying Rattlesnake Creek terrane (RCT), and the Josephine ophiolite. See text for discussion of fossil and U-Pb zircon ages and chemical aff nities. Devils Elbow remnant and Josephine ophiolite were modifed from Harper et al. (1994) and Wright and Wyld (1994) . IAT-island-arc tholeiite; WPB-withinplate basalt; MORB-mid-ocean-ridge basalt; BON-boninite; E-enriched; N-normal; SHRIMP-sensitive high-resolution ion microprobe.
by the Great Valley Group (e.g., Hopson et al., 1981; Ingersoll, 1983; Robertson, 1990; Shervais et al., 2005a) . Originally, an Oxfordian through Tithonian age was assigned to the tuffaceous chert and mudstone, and a Tithonian age was assigned to the overlying basal Great Valley Group (Imlay and Jones, 1970; Pessagno, 1977; Pessagno et al., 2000) . This represents an ~9 m.y. depositional hiatus between the Coast Range ophiolite and the sedimentary rocks that overlie it Pessagno et al., 2000) . The oldest radiolarian assemblages in the sediments above the Coast Range ophiolite originated from an equatorial paleo-environment Pessagno et al., 2000) . This differs from the more northern paleo-environment inferred for the oldest radiolarian assemblages within the Galice Formation (Pessagno et al., 1993 (Pessagno et al., , 2000 Pessagno, 2006) , and the comparable Ingalls sedimentary rocks (Table 8) . Shervais et al. (2005a) , using Baumgartner et al.'s (1995) Unitary Association radiolarian zones, reinterpreted the age of the tuffaceous chert and mudstone that depositionally overlie the Coast Range ophiolite. Shervais et al. (2005a) assigned a Bajocian age to the oldest radiolarians and suggested that no depositional hiatus exists between the tuffaceous chert and mudstone and underlying Coast Range ophiolite. They also correlated these rocks with the Galice Formation by reassigning a Bajocian age to the lowest members of the Galice Formation (Table 8 ) (see Shervais et al., 2005a, for discussion) . This suggests that the tuffaceous chert and mudstone that overlie the Coast Range ophiolite may also correlate with the Ingalls sedimentary rocks if the radiolarian zones of Baumgartner et al. (1995) are correct and if the radiolarian zones of Pessagno et al. (1993) are incorrect (Table 8) . It should be noted that Gradstein et al. (2004) suggest that there are large uncertainties for the Late Jurassic time scale.
The sedimentary rocks that occur within and unconformably overlie the Fidalgo Igneous Complex, a Middle Jurassic ophiolite and intruding island-arc complex located within the San Juan Islands, Washington (Fig. 1) (Brown et al., 1979; Brandon et al., 1988) , are the informal Trump unit and Lummi Group, respectively (Garver, 1988a) . These sediments are Tithonian or younger in age, and sandstones from the Trump unit and Lummi Group have different compositions than Ingalls sandstones (Table 8) (Southwick, Harper (1984) , Pinto-Auso and Harper (1985) , Wright and Wyld (1986) , Saleeby (1990) , Harper et al. (1994) , Palfy et al. (2000) , Harper (2003a Harper ( , 2003b , , Yule et al. (2006) . § Menzies et al. (1977) , Hopson et al. (1981) , Shervais and Kimbrough (1985) , Lagabrielle et al. (1986) , Shervais (1990) , Giaramita et al. (1998) , Kosanke (2000) , Shervais et al. (2004) , Shervais et al. (2005a Shervais et al. ( , 2005b . # Whetten et al. (1978 Whetten et al. ( , 1980 , Garver (1988a Garver ( , 1988b , Brandon et al. (1988) . † † Age of the Iron Mountain unit, the rifted basement of the Ingalls. ‡ ‡ Major geochemical affinity. 1962 , 1974 Garver, 1988a) . The Lummi Group has been correlated to the Great Valley Group by Garver (1988b) (Table 8) .
The sedimentary rocks associated with the Ingalls ophiolite complex, Coast Range ophiolite, and Fidalgo Igneous Complex do not display the Late Jurassic deformation attributed to the Nevadan orogeny. In contrast, the Galice Formation displays Nevadan deformation (Harper, 1984 (Harper, , 2006 Wyld and Wright, 1988; Harper et al., 1994) . Numerous syn-Nevadan dikes intrude the Galice Formation but are absent in the sediments associated with the Ingalls, Coast Range, and Fidalgo ophiolites (Harper et al., 1994; Harper, 2006) . Sandstone of the Galice Formation has Precambrian detrital zircons (Miller and Saleeby, 1995; , while the Ingalls sandstone does not . The Ingalls sedimentary rocks also lack the metalliferous sediments that are located near the contact between the Galice Formation and Josephine ophiolite (Pinto-Auso and Harper, 1985) .
Time Relations of Ophiolites
The age of the Esmeralda Peaks unit is 161 ± 1 Ma (Table 8 ) (U-Pb zircon; . The U-Pb zircon age of the older rifted basement to the Esmeralda Peaks unit, the Iron Mountain unit, is 192 ± 0.3 Ma (Table 8) . Radiolaria in cherts interbedded with pillow basalts of the Iron Mountain unit have Early Jurassic ages (Table 3) . Similar Jurassic ages occur in other ophiolites within the North American Cordillera (Fig. 1) . Harper et al. (1994) reported a U-Pb zircon age of 162 ± 1 Ma from the Josephine ophiolite (Fig. 1) ; however, Palfy et al. (2000) recalculated this age to 162 +7/-2 Ma based on the lack of duplicate concordant fractions and apparent Pb loss (Table 8) . The rift facies of the Josephine ophiolite, the Devils Elbow and Preston Peak ophiolites (Fig. 1) , both have U-Pb zircon ages of ca. 164 Ma (Fig. 11) (Wright and Wyld, 1986; Saleeby, 1990) .
The rifted basement of the Josephine ophiolite rift facies, the Rattlesnake Creek terrane (Fig. 1) , consists of a serpentinite-matrix mélange basement and volcanic cover sequence (Wright and Wyld, 1994; Yule et al., 2006) . Fossils from the mélange have Paleozoic, Late Triassic, and Early Jurassic ages (Fig. 11) (Edelman et al., 1989; Saleeby, 1990; Wright and Wyld, 1994 , and references within). Fossils from the volcanic cover sequence yield Late Triassic and Early Jurassic ages (Edelman et al., 1989; Saleeby, 1990; Wright and Wyld, 1994 , and references within). The mélange and cover sequence of the Rattlesnake Creek terrane are intruded by 193-207 Ma plutons (U-Pb zircon) (Wright and Wyld, 1994) .
The Fidalgo Igneous Complex (Fig. 1) has yielded generally discordant U-Pb zircon ages ranging from 170 to 160 Ma (Whetten et al., 1978 (Whetten et al., , 1980 . These dates are from the island-arc complex and represent the minimum age of the ophiolitic rocks of the Fidalgo Igneous Complex (Brandon et al., 1988) . Radiolaria from chert interbedded with pillow basalts of the ophiolitic rocks are Middle to Late Jurassic in age (Table 8) (Garver, 1988a; Brandon et al., 1988 , and references within).
U-Pb zircon ages for the Coast Range ophiolite (Fig. 1 ) mostly range between 164 and 173 Ma (Table 8) (Hopson et al., 1981; Mattinson and Hopson, 1992; Shervais et al., 2005a) , although ages as young as 144-148 Ma, 152-153 Ma, and ca. 156 Ma have been reported from different remnants of the ophiolite (Hopson et al., 1981) . U-Pb zircon ages from two remnants of the Coast Range ophiolite in Oregon (Fig. 1) are ca. 169 Ma (Saleeby, 1984) and 163-164 Ma (Saleeby, 1999, written commun. to Kosanke [2000] ; Harper et al., 2002) .
Comparison of Geochemical Affi nities
The Josephine ophiolite and Coast Range ophiolite have transitional IAT-MORB geochemical aff nities, similar to those of the Esmeralda Peaks unit ( Fig. 12 ; Table 8 ) ( Menzies et al., 1977; Harper, 1984 Harper, , 2003a Harper, , 2003b Lagabrielle et al., 1986; Shervais, 1990; Coulton et al., 1995; Giaramita et al., 1998; Kosanke, 2000; Metzger et al., 2002) . The Josephine ophio lite, Coast Range ophiolite, and Esmeralda Peaks unit all contain boninites or "boninitic" affnity lavas (Table 8) (Shervais and Kimbrough, 1985; Lagabrielle et al., 1986; Shervais, 1990; Giaramita et al., 1998; Kosanke, 2000; Metzger et al., 2002; Harper, 2003a) . Dikes that cut the mylonitic peridotite in the Figure 12 . Ta-Hf-Th discrimination diagram of Wood (1980) . (A) Ingalls ophiolite samples and feld (see Fig. 5 for key to symbols) for back-arc basins (see Fig. 5 for compilation). Esmeralda Peaks gabbros (sideways triangles) are plotted because fractionation and crystal accumulation does not signifcantly change the ratios of these elements. (B) Rattlesnake Creek terrane (Wright and Wyld, 1994) . (C) Josephine ophiolite (references given in text). (D) Coast Range ophiolite (references given in text). IAT-island-arc tholeiite; WPB-within-plate basalt; MORBmid-ocean-ridge basalt; BON-boninite; E-enriched; N-normal; CAB-calc-alkaline basalt.
Esmeralda Peaks unit (Fig. 4) have Fe and Ti values that trend to Fe-Ti basalt compositions ( Fig. 5; Table 7 ). Fe-Ti basalts are found in the late dikes and lava fows of the Josephine ophiolite (Harper, 2003b) and the fourth-stage volcanic rocks of the Coast Range ophiolite (Shervais, 2001; Shervais et al., 2004) .
The late stage of the Stonyford volcanic complex of the Coast Range ophiolite and blocks of basalt in the Rattlesnake Creek mélange have within-plate basalt aff nities that are transitional to E-MORB and tholeiitic-alkaline compositions ( Fig. 12 ; Table 8 ) (Wright and Wyld, 1994; Shervais et al., 2005b; Yule et al., 2006) . These within-plate basalt compositions are similar to those of the Iron Mountain unit ( Fig. 12; Table 8) ; however, the within-plate basalt-affnity rocks of the Stonyford complex are ~28 m.y. younger than those of the Iron Mountain unit (Fig. 12) , whereas the within-plate basalt-affnity rocks of the Rattlesnake Creek terrane are similar in age (Figs. 11 and 12 ).
CONCLUSIONS
Our main conclusions are that: (1) the Galice Formation and Ingalls sedimentary rocks are correlative ( Fig. 11; Table 8 ); (2) the Late Jurassic Esmeralda Peaks unit of the Ingalls complex The Ingalls ophiolite complex, central Cascades, Washington is a rift-edge facies of the Josephine ophiolite (Fig. 11) ; (3) the rift-edge facies of the Josephine ophiolite-the Devils Elbow ophiolite (Wyld and Wright, 1988) , the rift-edge facies along the northern margin of the Josephine ophiolite (Yule et al., 2006) , and the Preston Peak ophiolite (Fig. 11) (Snoke, 1977; Saleeby et al., 1982) -correlate with the Esmeralda Peaks unit; and (4) the Iron Mountain unit is the rifted basement of the Esmeralda Peaks unit, and it is broadly correlative with the rifted basement of the Josephine ophiolite, the Rattlesnake Creek terrane (Fig. 11) .
The initial rifting that formed the Late Jurassic Ingalls backarc basin likely originated in the forearc, based on the presence of boninites within the Esmeralda Peaks unit, although boninitic rocks also rarely occur in back-arc basin settings (Pearce et al., 1994; Hawkins, 2003; Deschamps and Lallemand, 2003) . Harper (2003a) suggested that initial rifting of the Josephine back-arc basin, which we correlate to the Ingalls back-arc basin, occurred in the forearc. A transform fault/fracture zone was located within the Ingalls back-arc basin (Miller and Mogk, 1987; MacDonald et al., 2005) .
The Late Jurassic plutons, located south of the Ingalls ophiolite complex (Fig. 1) , have been interpreted as a potential outboard active arc to the Late Jurassic Ingalls basin (Miller et al., 1993; Harper et al., 2003; . This arc complex has also been correlated to the Rogue-Chetco arc complex (Miller et al., 1993; , which has been interpreted to be the outboard active arc for the Late Jurassic Josephine basin (Saleeby et al., 1982; Harper et al., 1994) .
Based on these correlations, and Wyld et al.'s (2006) reconstruction that places the Ingalls ophiolite complex close to the Josephine ophiolite in the Late Cretaceous, we suggest that these two ophiolites occupied different parts of the same oceanic backarc basin, adjacent to the western coast of North America in the Jurassic. The Ingalls ophiolite complex, however, lacks Nevadan deformation and was not intruded by Late Jurassic calc-alkaline igneous rocks, in contrast to the Josephine ophiolite, thus suggesting that there was some distance between these ophiolites during their formation. Subsequently, the Ingalls ophiolite complex may have been displaced farther from the Josephine ophio lite, and its outliers, by dextral strike-slip faulting. This interpretation requires much smaller displacement for the Ingalls ophiolite complex, and the Mount Stuart batholith that intrudes it (Figs. 2  and 3 ), than the paleomagnetic data suggest (300-800 km versus 3000 km, respectively; Beck et al., 1981; Ague and Brandon, 1996; Butler et al., 2001; Housen et al., 2003; Wyld et al., 2006) . Alternatively, the Josephine basin could have continued northward for ~440 km.
